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FOREWORD 

This report is a condensation of the ASC/IlTRI reports 

No. M.l. entitled "Survey of a Jovian Mission" and P . l  en- 

titled "The Scientific Objectives of Deep Space Missions - 
Jupiter". It presents the major findings and conclusions 

contained in the full reports. 
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1. INTRODUCTION 

The exploration of Jupi te r  and i t s  neighborhood repre- 

sen ts  one of several  c lasses  of space mission which a r e  a t  the 

limits of current  capabi l i ty .  

many respects  the deep space mission which w i l l  be exposed t o  

d i f f i c u l t  but not  extreme environmental conditions and operat ional  

r e s t r a i n t s .  This repor t  i s  a condensation of Astro Sciences 

Center Report M - 1  "Survey of a Jovian Mission" submitted t o  the 

Lunar and Planetary Programs Office of the National Aeronautics 

and Space Administration. It is intended t o  present only the 

h ighl ights  of t ha t  repor t ,  and more complete treatment of the 

subject  matter should be obtained from the survey report  i t s e l f .  

A mission t o  Jup i t e r  t y p i f i e s  i n  

The purpose of the study w a s  t o  explore the f e a s i b i l i t y  

of an unmanned s c i e n t i f i c  mission t o  Jup i t e r  t o  obtain astro-  

physical  information concerning the planet  and i t s  environment. 

The repor t  deals  pr imari ly  with an overa l l  assessment of the 

problem areas which must be considered i n  successfu l ly  completing 

a Jovian mission and attempts t o  e s t ab l i sh  the f e a s i b i l i t y  of 

achieving such a mission using present s t a t e  of the a r t  vehicle  

technology, and s c i e n t i f i c  payload. The repor t  concludes t h a t  
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a useful scientific mission to Jupiter is feasible with presently 

available chemical propulsion techniques, sensors, power supplies, 

telemetry links and boosters. 

formance final stage rocket compatible with the vehicles 

considered was found to be desirable for either a fly-by or 

orbiter miss ion. 

2. THE PLANET JUPITER 

The development of a high per- 

Jupiter, as the largest and most massive planet in the 

solar system, is of great scientific interest to the geo- 

physicist as well as the astrophysicist. 

on the planet. 

Sun of 5.2 AU and exhibits a mean temperature of some 150'K. 

Its atmosphere is deep and is composed of hydrogen and helium, 

with some methane and ammonia. 

the polar regions, and optical scattering properties at the 

polar cap differ widely from those in the equatorial zone. 

planet is characterized by a large mass (318 times that of 

Earth) and a diameter 11 times that of Earth. 

gravitational attraction of 2.65 g at the surface which re- 

quires an escape velocity of over 5.5 times that on Earth. 

Its low density, approximately one quarter that of Earth, leads 

to the supposition that the interior may be solid metallic 

hydrogen. This, however, is difficult to correlate with the 

fact that the surface magnetic field of Jupiter appears to be 

asymmetrical and as much as 1600 times stronger than that of 

Earth where the dynamo theory of circulating fluid currents 

has been hypothesized to explain the magnetic field. 

Table 1 contains data 

It lies in an orbit at a mean radius from the 

Clouds appear to be absent in 

The 

This provides a 
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Electromagnetic signals emitted from the proximity of Jupiter 

have been detected by radio telescopes and could be explained 

by the assumption that trapped radiation is associated with a 

strong Jovian magnetic field. 

a hazard to both unmanned andmanned vehicles orbiting Jupiter. 

It would seem probable that the early missions will orbit 

This radiation belt may provide 

the planet at the minimum altitude compatible with atmospheric 

drag and trapped particle radiation, and will depend upon 

observations in visible light and electromagnetic sensors to 

determine surface and atmospheric characteristics. Thus a 

knowledge of Jovian atmospheric composition and density as a 

function of altitude and the transmission and scattering 

characteristics of the atmosphere from radio frequencies 

through the soft x-ray region is important to succeeding mis- 

sions in addition to the intrinsic interest. 

3 .  SCIENTIFIC OBJECTIVES AND SUGGESTED EXPERIMENTS 

The scientific objectives for a mission to Jupiter have 

been covered by Report P-1, II Jupiter" in the ASC Scientific 

Objectives of Deep Space Investigations report series and will 

be only briefly mentioned here in relation to the proposed 

scientific payload structure. Table 2 summarizes the 

scientific objectives and Table 3 summarizes the suggested 

experiments. 
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3.1 Magnetic Fields 

Measurements of the Jovian magnetic fields are of para- 

mount importance because the existence and magnitude of the 

fields are fundamental to the understanding of the planet's 

magnetic history, the origin of radio emission, the ability to 

retain trapped radiation belts, and models describing the 

planet's interior. 

must be made in the vicinity of Jupiter, and require that 

magnetometers be included in the scientific payload. 

Jovian magnetic field may be in the vicinity of 100 gauss at 

3 Jovian radii, it would be well to have a dynamic range from 

Measurements of the Jovian magnetic field 

While the 

lo-' to 100 gauss so that the interplanetary magnetic field can 

also be measured. A system combining the rubidium vapor magnetome- 

ter and a search coil magnetometer is suggested, in order to 

cover the extreme dynamic range. 

3.2 Energy Balance 

The energy balance in the Jovian atmosphere cannot be 

understood on the basis of the experimental data presently 

available. 

5.2 AU and a surface albedo of 0.67, a temperature of 93'K 

can be calculated. Infrared measurements and radio emission 

spectra which are believed to be related to thermal emission 

both indicate a temperature in the region of 150'K. 

body radiation for this temperature has a maximum value at a 

wavelength of 20p with a large percentage of the radiation 

falling between low and 50p. This does not correlate with 

Based upon computed incident solar radiation at 

The black 
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the absorption bands for either methane or ammonia which are be- 

lieved to form a portion of the Jovian atmosphere. The mechanism 

for retaining solar energy in the Jovian atmosphere is not resol- 

ved, and a look at the atmosphere in the region from l o p  to 5 0 ~  

is required. 

Using a diffraction grating in conjunction with either a 

Golay cell or solid state detector, a suitable infrared spectrome- 

ter for the region of interest can be constructed and would 

weigh about one pound and would require not more than five watts 

of power. 

3 . 3  Temperature 

Closely allied to the problem of heat balance is the 

question of temperature distribution, density and composition of 

the Jovian atmosphere. 

means of a microwave radiometer in four selected millimeter 

It is proposed to measure temperature by 

wavelength bands. In these wavelengths, an average temperature 

of about 150'K has been obtained for Jupiter which correlates 

well with the infrared measurements made in 1926. 

centimeter wavelengths, other radiation mechanisms than thermal 

In the longer 

predominate and obscure the thermal component. A suitable 

millimeter wavelength radiometer can be constructed with a 

total weight of approximately seven pounds and a power con- 

sumption of about one watt. 
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3 . 4  Atmospheric Composition and Pressure 

Composition, pressure and possibly temperature of the 

Jovian atmosphere can be obtained with a visible and ultra- 

violet spectrophotometer-polarimeter system which would operate 

in the lOOOA to 5000A region with a resolution of 10A and suf- 
0 0 0 

ficient spatial resolution to distinguish limb and terminator 

effects. To date, methane, ammonia and hydrogen have been 

identified spectroscopically and helium has been inferred. 

Spectroscopic examination at close range would permit con- 

siderable spatial resolution which is at present unachievable 

from Earth. 

A suitable spectrophotometer system with an intensity 

accuracy of five percent and a dynamic range of three to four 

decades could be designed for ten pounds with a power consumption 

of approximately five watts using solid state photosensitive 

detectors, 

3.5  Trapped Radiation 

The existence of trapped radiation belts around Jupiter 

has been hypothesized from the large magnetic fields that were 

invoked to explain the radio emission. 

that two trapped radiation belts exist; one centered at 1 . 5  

Jovian radii and the other at 3.0 Jovian radii. These belts 

are pictured as being asymmetrical to the planet's axis as 

the result of an asymmetric dipole moment. The distances 

quoted are consistent with the fact that radio emission is ob- 

served at a distance of three radii from the planet. Suitable 

It has been suggested 

I I T  R E S E A R C H  I N S T I T U T E  
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sensors using geiger counters, scintillation detectors or solid 

state detectors are conventional and could be designed to also 

measure cosmic ray flux and proton and electron flux in the 

solar wind by incorporating a wide dynamic range. 

designed as small as two or three pounds with a consumption of 

one watt. 

They could be 

3 . 6  Surface and Cloud Features 

The problem of photography of the cloud cover and surface 

features of Jupiter is largely one of optical resolution balanced 

against the communication bandwidth available. 

system using around 200 lines could be used to observe either 

the complete planet or, if sufficiently close, particular areas 

of interest such as the red spot. 

would be about 20 pounds and the power requirement about 20 watts. 

3.7 Altimeter 

A television 

The weight of the TV system 

Some measure of the distance of the spacecraft from the 

planet is essential in order to make magnetic and radiometric 

measurements meaningful. This can best be done with a radar 

altimeter in the X band using a two foot diameter dish. The 

peak power of such a system would be between lOOW,and 500W to be 

effective up to approximately 10 Jovian radii. An average power 

consumption of only a few watts is necessary, however. 

4 .  SPACECRAFT AND SUBSYSTEM CONSIDERATIONS 

4.1 Shielding 

A spacecraft traveling more than 4 AU to Jupiter for a 

period of 300 to 500 days will be exposed to many forms of 
I l l  R E S E A R C H  I N S T I T U T E  
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po ten t i a l ly  damaging rad ia t ion  and bombardment. 

t e c t i o n  of the spacecraft  and i t s  payload under a l l  conceivable 

s i t u a t i o n s  i s  not feas ib le  because of the huge m a s s  of shielding 

involved. 

mental hazards m u s t  be made and protect ion provided t o  cover 

these a t  .a nominal cos t  i n  payload capabi l i ty .  

Complete pro- 

A real is t ic  assessment of the most probable environ- 

The probabi l i ty  of encounter with one or  more meteoroids 

of m a s s  l a rger  than gms t ravel ing a t  v e l o c i t i e s  between 1 2  

t o  80 km/sec i s  qu i t e  high for a mission of t h i s  duration. 

Radiation shielding from solar  p a r t i c l e s  and trapped rad ia t ion  

i n  the  Jovian f i e l d  i s  a l s o  a prime consideration, as w e l l  as 

sh ie ld ing  from leakage flux from on-board nuclear power sources. 

The high magnetic f i e l d s  believed t o  be associated with the 

planet  create a problem i n  connection with the e lec t ronics  of 

the  system and w i l l  r equi re  magnetic shielding. Report M-1 

discusses the design of a combination sh ie ld  which would be 

capable of a reasonable amount of protect ion from meteoroids, 

charged p a r t i c l e s  and magnetic f i e l d s ,  with the minimum s i z e  and 

weight penalty. 

4.2 Data Handling 

Under t h i s  heading come the functions of data  condition- 

ing, monitoring of engineering da ta  and the timing and generation 

of appropriate commands t o  control  systems. Also included are 

the monitoring of homing system outputs,  and generation of 

t r a j e c t o r y  correct ion commands. These functions are common 

t o  almost a l l  previous space probes and requi re  no 

I l t  R E S E A R C H  I N S T I T U T E '  

8 



fu r the r  e laborat ion.  

on-board t r a j e c t o r y  correction capab i l i t y  can be estimated once 

a de ta i l ed  study of the t ra jec tory  and launch vehicle  accuracy 

have been computed. It i s  estimated tha t  the t o t a l  weight of 

the da ta  handling equipment could be held t o  approximately 25 

pounds with a power consumption of less than f i v e  w a t t s .  

4 . 3  The Data Link 

The p o s s i b i l i t y  of having t o  employ an 

The requirements f o r  the da ta  l i nk  system i n  the space- 

c r a f t  w i l l  be determined by the s e n s i t i v i t y  and number of ground 

s t a t i o n s  on Earth receiving the s igna l ,  the  dis tance t o  be 

covered, the quant i ty  of data  t o  be transmitted and the required 

accuracy of transmission. Approximate b i t  rates are l i s t e d  i n  

Table 4 .  Under the  assumption t h a t  a f u l l  network of receiving 

s t a t i o n s  on Earth w i l l  be avai lable ,  a t ransmi t te r  power of 100 

w a t t s  should be capable of sending a usable s igna l  on Earth 

based upon the transmission of 100 b i t s  per second a t  1 m c  band- 

width. In general the experimental package demands t ransmi t te r  

powers under 100 w a t t s .  However, the use of long s torage t i m e s  

f o r  TV information i s  e s sen t i a l  i n  order t o  keep the b i t  rate 

low. (75  b.p.s. ,  f o r  example, w i l l  allow transmission of one 

frame every 8 hours.)  

be of the order of ten pounds. 

4 . 4  Power Supplies 

The weight of a 100 w a t t  t ransmi t te r  would 

Cons ide r  ing a1 1 requirements including telemeter ing , 
t o t a l  power demand ranges from 30 ki lowatts  down t o  200 w a t t s  f o r  

the  missions considered. Power requirements of t h i s  s i z e  would 
I l T  R E S E A R C H  I N S T I T U T E  
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i nd ica t e  t h a t  present so l a r  c e l l s  and energy s torage b a t t e r i e s  

would be impractical  a t  5 AU o r  more. The most probable power 

source would be e i t h e r  a nuclear reac tor  system o r  a radioact ive 

isotope device. Nuclear power sources are s t i l l  i n  the develop- 

mental s tage,  but i t  seems probable t h a t  a 1 ki lowatt  source can 

be developed which weighs i n  the v i c i n i t y  of 1000 pounds, i . e . ,  

roughly one pound per w a t t .  

4.5 Spacecraft Weight 

Three payload configurations (four weights) ranging from 

a minimal mission with a very s i m p l e  experimental package t o  a 

comprehensive mission with high reso lu t ion  experiments w e r e  con- 

s idered.  Table 5 provides subsystem and t o t a l  weights. No 

e x p l i c i t  redundancy of components o r  subsystem has been included 

i n  these estimates. 

i n  spacecraf t  o r  technology instrumentation state of the  ar t  i n  

the period before missions t o  Jup i t e r  are i n i t i a t e d .  

5. 

Nor have w e  projected any la rge  advances 

VEHICLE PERFORMANCE AND VELOCITY REQUIREMENTS 

The dynamics of the mission t o  J u p i t e r  have been con- 

s idered i n  three  separate  parts: 

a) Launch t o  Earth o r b i t  

b) 
c)  Terminal maneuver 

5.1 Launch. t o  Earth Orbit  

Transfer from Earth o r b i t  t o  Jup i t e r  

Very rough estimates of the ve loc i ty  requirements f o r  

t r a n s f e r  o r b i t  w e r e  coupled with approximate payload weights a t  

an e a r l y  s tage i n  the  study and ind ica t e  t h a t  worthwhile missions 
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might be accomplished with next generation chemical rockets i f  

a high performance s tage  i s  added. W e  have considered three  

bas ic  launch vehicles having boosters with an escape capab i l i t y  

of 2000-3000 lb s . ,  6000-7000 lb s . ,  and 60,000-80,000 lb s .  These 

have been designated Vehicle 1, Vehicle 2 ,  and Vehicle 3 ,  

respect ively.  

When computing the ve loc i ty  increment t h a t  must be i m -  

par ted t o  the spacecraf t ,  one must also consider the energy 

necessary t o  escape from Earth. 

ments are obtained by considering d i r e c t  launch from Earth. 

However, t h i s  g rea t ly  l i m i t s  the  launch window and as a con- 

sequence we have assumed f i n a l  i n j ec t ion  from a parking o r b i t .  

5 .2  Transfer t o  J u p i t e r  

The lowest t o t a l  energy require- 

It has been assumed that  only one g rav i t a t ing  body ( the  

Sun) i s  ac t ing  and t h a t  the duration of any thrus t ing  period i s  

s u f f i c i e n t l y  shor t  so tha t  the angular motion around the pr inc ip le  

g rav i t a t ing  body i s  negl igible .  The f l i g h t  path then reduces t o  

a conic sect ion,  and the motion along the path i s  r ead i ly  d is -  

cern ib le .  Conic sec t ion  t r a j e c t o r i e s  have been generated w i t h  

the  IITRI IBM 7090 computer f a c i l i t y  t o  give a series of curves 

r e l a t i n g  excess spacecraft  veloci ty  (over the asymptotic Earth 

escape) t o  the launch date.  Knowing the vehicle  payload and 

performance, it i s  possible  t o  obtain launch window duration and 
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dates  from these curves. The curves are p lo t ted  fo r  various 

travel t i m e s  i n  Report M-1, "Survey of a Jovian Mission". A 

summary of t h i s  data  i s  given i n  Figure 1. 

The accuracy of the launch vehicles  i s  current ly  in-  

s u f f i c i e n t  t o  achieve a reasonable miss-distance a t  Jup i t e r  

without the addi t ion of midcourse correct ion capabi l i ty .  

desired accuracy fo r  the distance of c loses t  approach measured 

from the  center  of the planet  has been specif ied as 3 Jovian 

r a d i i  -f 1 / 2  Jovian radius  based upon the requirements of the 

The 

s c i e n t i f i c  experiments. It i s  assumed t h a t  the  f i r s t  correct ion 

t o  the  spacecraf t  t r a j ec to ry  would be made i n  the v i c i n i t y  of 

the Earth several  days a f t e r  launch with a second possible  

correct ion i n  midcourse analogous to  the Mariner system. 

5.3 Terminal Maneuver 

Two types of missions around Jup i t e r  have been con- 

One type is the  fly-by mission following a hyperbolic s idered.  

o r b i t  with respect  t o  Jupi te r .  

within three  Jovian r a d i i  would spend approximately 3-1/2 hours 

on e i t h e r  s ide  of per i jove a t  a dis tance of four Jovian r a d i i  

o r  less. Thus a t o t a l  of  be t t e r  than seven hours of useful  da ta  

acquis i t ion  t i m e  could be obtained with t h i s  approach covering 

most of  the Jovian surface providing t h a t  the  spacecraf t  passed 

by the  planet  i n  a d i rec t ion  such as t o  use J u p i t e r ' s  own 

ro t a t ion  t o  obtain maximum coverage. 

A spacecraf t  approaching t o  

I I T  R E S E A R C H  I N S T I T U T E  
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The second type of mission would be an e l l i p t i ca l  o r b i t  

aro.und J u p i t e r  with a per i jove of th ree  Jovian r a d i i  and an 

apojove of 100 Jovian r a d i i  with a period of 45-days. This 

assumes t h a t  the vehicle  approaches Jup i t e r  along an asymptote 

of seven Jovian r a d i i  and t h a t  i n j ec t ion  t h r u s t  i s  produced a t  

per i jove.  

necessary t o  en ter  Jovian o r b i t  as a function of approach ve loc i ty  

i s  given i n  Figure 3. 

A curve r e l a t i n g  the ve loc i ty  increment of t h r u s t  

A number of t yp ica l  mission parameters have been com- 

puted involving a va r i a t ion  of boosters,  payloads and f l i g h t  t i m e  

f o r  fly-by and o rb i t i ng  missions, and are shown i n  Table 6 .  

Curves of t o t a l  spacecraf t  weight versus excess spacecraf t  ve loc i ty  

from which these tabular  values w e r e  obtained are ava i lab le  i n  

the o r i g i n a l  repor t  i f  desired.  

6. CONCLUSIONS AND FINAL COMMENTS 

S c i e n t i f i c a l l y  J u p i t e r  i s  extremely in t e re s t ing  and a 

number of objectives have been es tab l i shed  which a r e  both valuable 

and s u i t a b l e  for  determination from a space probe with a reason- 

ab le  chance of success. 

on using la rge ly  'state of the a r t '  instrumentation, some of 

which has already been f l i g h t  tes ted ,  and should therefore  provide 

r e l i a b l e  da ta  from the planet .  

experiments use but a s m a l l  percentage of the t o t a l  payload weight 

and it  should be borne i n  mind t h a t  changes can be made r e l a t i v e l y  

e a s i l y ,  i f  advances i n  the knowledge of J u p i t e r  o r  in te rp lane tary  

space demand t h i s .  

The s c i e n t i f i c  payload has been based 

However the individual  s c i e n t i f i c  

I l T  R E S E A R C H  I N S T I T U T E  
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Launch c a p a b i l i t i e s  for Vehicle 1 present ly  e x i s t  for  

payloads of 350 lbs .  o r  450 l b s .  t o  fly-by Jup i t e r  using a f i n a l  

s o l i d  propel lant  s tage ,  and a number of launch windows are 

ava i l ab le  i n  the period between 1969 and 1975. 

range from 500 t o  800 days for  such missions. 

F l igh t  times 

Vehicles 2 and 3 provide a grea te r  f l e x i b i l i t y  i n  pay- 

load, launch windows, and f l i g h t  t i m e  and provide o rb i t i ng  

capab i l i t y  as w e l l  as fly-by. 

a Jovian mission without a f i n a l  s o l i d  propellant s tage fo r  

fly-by, however a 2500 lb .  terminal propulsion s tage  would be 

required fo r  i n j ec t ion  i n t o  a Jovian o r b i t .  

Vehicle 3 i s  capable of performing 

In summary, the f e a s i b i l i t y  study discussed i n  ASC 

Report M - 1 ,  "Survey of a Jovian Mission" ind ica tes  t h a t  such a 

mission i s  within the reach of the  present state of the ar t ,  and 

t h a t  a de ta i l ed  mission study i s  now needed t o  e s t ab l i sh  the 

design parameters i f  NASA decides t o  implement an exploratory 

mission t o  t h i s  planet .  
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Table 1 

PHYSICAL AND ORBITAL DATA FOR JUPITER 

Physical Data 

Mean Diameter 139,800 km 

Mass 318.35 (Earth = 1) 
Mean Surface Gravity 2.64 g 
Albedo 0.51 
Surface Temperature 150°K 

Mean Density 1.33 grm/cc 

Orbital Data 

Semi-maj or Axis 5.2 AU 
Perihelion Distance 4.95 AU 
Aphelion Distance 5.45 AU 
Mean Orbital Velocity 42,800 ft/sec 
Period of Revolution 11.86 years 
Inclination of Orbit 1.3' 

3.1' Inclination of 

Period of Rotation 9h 53m 
Escape Velocity 197,500 ft/sec 

Equator to Orbit 
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Table 2 

SOMESCIENTIFIC OBJECTIVES OF A JUPITER MISSION 

a) To determine the magnetic field of Jupiter 

b) To determine the composition of the Jovian 
atmosphere, its temperature profile and 
density 

c) To determine the density and energy distri- 
bution of the charged particles in the 
Jovian trapped radiation belts. 

d) To obtain a photographic record of the 
planet's cloud cover, and possibly surface 
features. In particular, to study the red 
spot. 
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Table 3 

EXPERIMENTS SUGGESTED FOR A FIRST JUPITER 
PROBE - 

A magnetometer to survey both the Jovian and 
interplanetary magnetic fields. 

An infrared spectrophotometer to measure the 
type and abundance of infrared active 
molecules that determine the atmospheric 
energy balance . 

A microwave radiometer to probe through the 
atmosphere and if possible measure the tem- 
perature of the surface of the planet. 

A visible and ultraviolet spectrophotometer - 
polarimeter to measure type and abundance of 
atmospheric constituents, and provide data 
concerning total pressure, temperature, aurora, 
and the red spot. 

Particle counters to measure flux of cosmic 
rays, and charged particles either from solar 
activity or trapped in the planet's magnetic 
field and micrometeorites. 

A TV camera to provide photographs of planetary 
features. 
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